NEURAL REGENERATION RESEARCH
Volume 7, Issue 32, November 2012

— 0

www.nrronline.org @
e

doi:10.3969/j.issn.1673-5374.2012.32.007

[http://www.crter.org/nrr-2012-gkquanwen.html]

He S, Luan Z, Qu SQ, Qiu X, Xin DQ, Jia WK, Shen YH, Yu ZH, Xu T. Ultrasound guided neural stem cell transplantation through the
lateral ventricle for treatment of cerebral palsy in children. Neural Regen Res. 2012;7(32):2529-2535.

Ultrasound guided neural stem cell transplantation
through the lateral ventricle for treatment of cerebral

palsy in children*

Sheng He, Zuo Luan, Suging Qu, Xuan Qiu, Daging Xin, Wenkai Jia, Yanhua Shen, Zehui Yu,

Tao Xu

Department of Ultrasonography, Navy General Hospital of Chinese PLA, Beijing 100048, China

Abstract

A total of 24 children with cerebral palsy were enrolled in this study and underwent ultrasound
guided transplantation of neural stem cells through the lateral ventricle. Neural stem cells

(3.8 x 10°-7.3 x 10") were injected into the lateral ventricles. Mild injury of lateral ventricular blood
vessels occurred in only two cases (8.3%). Seven cases (29.2%) experienced a fever. Clinical
manifestations were improved to varying degrees in eight cases (28.0%) within 3 months after
transplantation. Patient condition did not worsen, and no patient experienced severe adverse

reactions.
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Research Highlights

(1) Neural stem cell transplantation, for treatment of cerebral palsy in children, was performed
through the lateral ventricle and was guided by ultrasonography.

(2) The effective rate of improvement was approximately 50%.

(3) At 3 months following transplantation, patient condition did not worsen, and none experienced

severe adverse reactions.

(4) These findings indicated that this method has a good safety profile for clinical application.

INTRODUCTION

Research institutes in various countries
have investigated cell transplantation
therapy for central nervous system diseases
since the 1980s™. Cell transplantation
therapy has been suggested as a possible
safe and efficient therapy for many diseases
in both animal and clinical research. These
diseases include stroke, traumatic central
nervous system injury, Parkinson’s disease,
Huntington’s disease, and amyotrophic

lateral sclerosis. Previous studiesindicated
the effectiveness of using neural progenitor
cells to treat cortical blindness®*, severe
hypoxic-ischemic encephalopathy in
neonates and encephalopathy from severe
carbon monoxide poisoning. Although the
curative effects are not entirely satisfactory,
experiments show that newborn animals
have a better internal environment for
transplantation of neural stem cells and the
effects of transplantation are greater
compared with adult animals®”. Therefore,
it is worth investigating whether the
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transplantation of neural stem cells could become an
effective clinical treatment for cerebral palsy, including
hypoxic-ischemic encephalopathy*”. This paper mainly
discusses the method of ultrasound guided neural stem
cell transplantation in the lateral ventricle.

RESULTS

Quantitative analysis of subjects
All 24 cases of cerebral palsy initially included entered to
the final analysis.

Baseline data of subjects
Clinical data from the 24 cases of cerebral palsy are
shown in Table 1.

Identification results of neural stem cells

Neural stem cells cultured in vitro formed a suspended
sphere (Figure 1A), and were positive for nestin (Figure
1B). After induction by fetal calf serum,
neurofilament-positive cells (Figure 1C) or glial fibrillary
acidic protein-positive cells (Figure 1D) were present.

Safety of ultrasound guided neural stem cell
transplantation in the lateral ventricle

Among the 24 children with cerebral palsy, seven
children successively underwent neural stem cell
transplantation twice. Altogether the lateral ventricle was
punctured 31 times. The width of the anterior horn of the
right lateral ventricle was 1.9-10.5 (4.1 £ 3.2) mm, the
amount of neural stem cells injected into ventricles was
0.4-1.2 (mean: 0.8 + 0.4) mL, the cell count was 3.8 x

10°~7.3 x 10’, and all the punctures were a success on the
first attempt.

Among the punctures, the cerebrospinal fluid of two cases
(6.45% of the total punctures) was light red, indicating that
some blood vessels in the ventricle were injured.

After the operation, patient ventricles were examined via
ultrasound, whereupon all ventricles were found to be
normal and not widened. Patient hemostasis was
corrected and their condition began to stabilize. Seven
cases (29.17%) experienced fever after surgery with a
temperature range of 37.5-39.2 (mean: 38.7 + 0.2)°C.
Temperature was restored to normal through physical
cooling and symptomatic treatment in 2—-11 (mean: 6.3 +
5.5) days. Hospitalization extended from 12—-92 (mean:
39.1 £ 12.3) days. One case (4.17%) vomited. This patient
displayed stable normal vital signs and cardiopulmonary
examination. Vomiting ceased following symptomatic
treatment. Sphenotresia was performed in seven cases
(29.17%), two (6.45%) undergoing this procedure twice.
Neural stem cell transplantation was conducted one week
after the drilling in these cases.

Short-term curative effect after transplantation

A short time after transplantation (1-3 months after
surgery), the muscular tension in the limbs of eight
patients (about 33.3%) decreased. Furthermore, the
head-controlling action of eight children (about 33.3%)
improved, visual acuity was enhanced in two patients
(about 8.3%), and the communicative competence of three
children (12.5%) improved. Overall clinical impression
improved by 28.0%, and no patients worsened.

Table 1 Clinical data of 24 children with cerebral palsy

Types of cerebral palsy Complications Medical history

Involuntary movement (5) Epilepsia (4) Full-term normal
Early undifferentiated ASD (1) labor (5)
convulsion + involuntary Galactosemia (1) Cord around neck (5)
movement (3) URTI (1) Full-term
Tremor spasm (5) Paropsia (3) hysterotokotomy (5)
Athetosis (4) Dysaudia (3) Postnatal asphyxia (7)
Spastictetraplegia Cortical SAH + premature
athetosis (2) blindness (3) birth (3)
Undifferentiated (5) Aspiration Fetal distress (4)

newborn (1) newborn (1)
Retarded birth (1)

Placenta previa (1)

pneumonitis of ABO hemolytic disease of

CT/MRI Electroencephalogram  Lateral ventricle
Cerebral dysplasia (4) Approximately Unbroadened (15)
Injury of basal ganglia normal (5) Slight broadened (6)

region (1) Abnormal (19) Moderate
PVL (10) broadened (2)
Peripheral Severe broadened (1)

hydrocrania (1)
Encephala-nalosis (7)
Ventricle dilatation (3)
Encephalomalacia (2)

broadened 7-10 mm, severely broadened > 10 mm.

The data in parentheses are representative examples. Some patients displayed multiple signs of disease and imaging changes.

The broadening of lateral ventricle was graded on the size of the anterior horn: unbroadened < 3 mm, slightly broadened 4—-6 mm, moderately

ASD: Atrial septal defect; URTI: upper respiratory tract infection; SAH: subarachnoid hemorrhage; PVL: periventricular leukomalacia.
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Figure 1 Neural stem cell identification
(immunofluorescence).

Neurospheres (A) when cultured are positive for nestin
(B). After induction, the differentiated cells express
neurofilament (C) or glial fibrillary acidic protein (D). Scale
bars: 20 ym.

DISCUSSION

The mechanism by which different grafts may treat
hypoxic/ischemic brain damage is not yet clear. Our
theory includes the possibility that the transplanted cells
and activated endogenous neural stem cells work
together to substitute injured or necrotic nerve cells,
thereby reconstructing the nerve net and secreting
neurotrophic factors necessary for recovering from
injuries. The renovation and regeneration of myelin
tissue would aid in neuronal recovery. During this
process, spontaneous regeneration initiated by
endogenous neural stem cells is limited. However,

exogenous neural stem cells can promote the
spontaneous renovation of endogenous neural stem
cells after ischemia. Given that neural stem cells cultured
in vitro have the capability of neural differentiation after
being transplanted into the host, it is considered that the
process of differentiation presents obvious region
specificity in vivo. The transplantation sites chosen in
relevant experiments have been different from this study.
The sites are mainly frontal lobe, occipital lobe,
hippocampus and lateral ventricle, and a certain
transplantation effect has been achieved. Although these
reports do not have the relevant experimental controlled
observations, a suitable transplantation site is very
important for acquiring better curative effects!® 3,

Some concerns were apparent on choosing the ventricle
as the transplantation pathway for this group of patients
with cerebral palsy. In brain injuries caused by different
pathologies, endogenous neural stem cells repaired
injuries through migrating from the subventricular zone to
the damaged area along the callosum and external
capsule. Exogenous neural stem cells finish the
migration in the host body under the guidance of the
endogenous neural stem cells. The hypoxic-ischemic
encephalopathy seen in neonates, however, is a
multi-site, bihemispheric injury, and not confined to a
certain region. Clinical multi-site transplantation creates
a large amount of injury and is a difficult operation that
cannot achieve region specificity; however, this process
can make use of the circulation of the cerebrospinal fluid
in the ventricular system. Transplantation into the
ventricle only requires puncture once to achieve the
effects of renewing the injury site through migration.
Furthermore, microglia and macrophages are in an
activated state in the damaged area, and the regional
microenvironment of brain is so complex that neural stem
cells implanted in the damaged zone may be eliminated.
Puncture of the ventricle can avoid direct implantation in
the damaged area and also bypasses the influences of
an inflammatory environment on the survival of
implanted cells™**",

Former experiences of treating cerebral palsy in children
using an ultrasound guided puncture through an anterior
fontanel and lateral ventricle have been described™®?",
Changes in this procedure need to occur in order to
accommodate the physiological and pathological
characteristics of older children where cranial bones are
thicker, anterior fontanels have closed and suture lines of
the skull are narrow. For these patients, sphenotresia
was performed before the puncture to provide a better
acoustic window and puncture pathway, so that the
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accuracy of the injection site was guaranteed and the
risk of possible injuries during the puncture was greatly
reduced. The 0.5 cm hole drilled in the skull had no
negative impact on patient condition. The success rate of
one puncture was 100% for the 31 successive punctures
in the 24 cases, in which mild injury of the lateral
ventricle blood vessels occurred in only two cases
(incidence rate of 6.5%). However, non-broadening and
mild-broadening of the lateral ventricle occurred in 15
cases (about 62.5%), indicating that the puncture of the
lateral ventricle guided by ultrasonography possessed
the advantages of safety, high success rate, simple and
convenient surgery, light injury and limited complications.
This implies that the shortcomings of traditional clinical
blind puncture through the anterior fontanel, and the
lateral ventricle of children can now be avoided**,

As shown in Table 1, we can see that the patients with
cerebral palsy had different pathogenesis, typing,
complications and states of iliness. The clinical
evaluation on the effects of neural stem cell
transplantation mainly depended on the recovery index
of patient function, which was also the objective of
transplantation'® *" %,

In terms of this study, the physiological function of some
patients improved after neural stem cell transplantation.
Although no electroencephalogram became more
favorable for any patient, the index of patient condition in
some children did improve or the original condition was
partly controlled. However, whether such curative effects
could be consolidated or further improved requires
coordination and observation of other relative
treatments® #. Some children experienced a fever of
varying degrees. Most were one-off low grade fever
fluctuating between 38.7 + 0.2°C. Indications of acute
infection were not found through routine blood
examination, and temperatures returned to normal
following symptomatic treatment. Furthermore, original
symptoms were not aggravated. Vomiting occurred in
one case, which was inferred to be related to the
medication used during surgery. Lateral ventricles did
not broaden in the two cases that had mildly injured
lateral ventricle blood vessels. The acoustic reflection of
the ventricle did not change, and intracranial pressure
did not rise during or after surgery.

In addition, convulsions reoccurred in children who
originally experienced convulsions because of cell
migration in the early days following transplantation.
These convulsions gradually disappeared and did not
need special treatment™® *".
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SUBJECTS AND METHODS

Design
Retrospective analysis.

Time and setting

Experiments were performed at the Department of
Ultrasonography, Navy General Hospital of Chinese PLA
between May 2005 and March 2009.

Subjects

According to the definition of cerebral palsy in children®,
the diagnostic conditions included: (1) the cerebral injury
that led to cerebral palsy was non-progressive; (2) the
lesion leading to dyskinesia was in the brain; (3) the
symptoms appeared during infancy; (4) there were some
complications, such as mental deficiency, epilepsy,
sensory disturbance and other anomaly; (5) central
dyskinesia induced by progressive disease and
temporary motor retardation were ruled out.

Twenty-four cases of children with cerebral palsy
presented to the Navy General Hospital of Chinese PLA
from May 2005 to March 2009, comprising 20 males and
4 females, aged 1 month to 7 years (mean: 5.5 £
4.3 months). General data are shown in Table 1.

Inclusion criteria: (a) diagnosed with definite cerebral
palsy clinically, including quadriplegic, diplegic,
dyskinetic, and mixed cerebral palsy; (b) classified to
level IV-V according to Gross Motor Function
Classification Scale!™; (c) making no improvement after
routine treatment and rehabilitation training; (d)
advancing genetic metabolic disease was excluded.

Exclusion criteria: (a) severe heart disease, cardiac
functional insufficiency; (b) severe pulmonary disease,
respiratory failure; (c) complicated with acute or chronic
infection; (d) frequent epileptic seizures in the last

6 months; (e) blood coagulation deficiency; (f) brain
tumor or other malignant tumors.

The protocol for this study was approved by the Scientific
Council and Ethics Committee of the Navy General
Hospital of Chinese PLA, and was conducted in
accordance with the guidelines of Administrative
Regulations on Medical Institution, issued by State Council
of the People’s Republic of China®. Informed consent was
signed by patient guardians following being fully
informed about the sources, separation and cultivation of
the cells, the methods of cell therapy, risks of the surgery,
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the possible side effects, and safety measures.

Methods

Cell source and identification

The forebrain tissues of naturally-aborted 12-week old
fetuses were taken to prepare a unicellular solution using
a mechanical dispersion method. This corresponded with
the provision of Hospital Management Committee of
Ethics. The women knew, and agreed with, the
circumstances of use of these fetuses.

Forebrain tissue was incubated in N, medium
(17502-048; Gibco, New York, USA) in a dish with a
diameter of 35 mm (DMEM/F12 + N, + B27; Gibco). The
concentration of inoculated cells was 1 x 10°/mL, and the
medium was added with 20 ng/mL of epidermal growth
factor (100-15; Peprotech, New Jersey, USA), 10 ng/mL
of basic fibroblast growth factor (100-18B; Peprotech)
and 1 ng/mL of leukemic inhibitory factor (300-05;
Peprotech). The equivalent above-mentioned culture
fluid was added on the fifth day of culture. Until the
eleventh day, a small eugenic colony of neural stem cells
(small cellular balls, each with several cells) was
obtained to prepare the cellular solution containing 1 x
10° cells/uL. Cellular spheres were also used for
immunocytochemistry, with the polyclonal rabbit anti-
human nestin antibody (1:100; sc-20978; Santa Cruz
Biotechnology, Santa Cruz, CA, USA) being used to
identify the characteristics of neural stem cells.
Simultaneously, 10% calf serum (10099-141, Gibco)
was added to induce and differentiate the spheres.
Finally, monoclonal mouse anti-human neurofilament
protein (1:500; MAB5294; Chemicon, MA, USA) and
monoclonal mouse anti-human glial fibrillary acidic
protein (1:300; MAB360; Chemicon) were used to
determine if cells had differentiated into neurons or
astrocytes, respectively®® &, Immunofluorescence
staining results were observed using fluorescence
microscopy (IX51; Olympus, Tokyo, Japan).

Preparation of neural stem cell transplantation
Before transplantation, an examination was conducted to
ascertain whether the child’s temperature, pulse,
breathing rate, routine bloods and coagulation were
normal. The pathway of puncture depended on the level
of closure of the anterior fontanel and the acoustic
reflection coefficient of the cranium. For those patients
whose anterior fontanel and coronal suture were not
closed, the anterior fontanel and coronal suture could be
directly chosen as the puncture and ultrasound
observation point (acoustic window). For those patients
who had a closed anterior fontanel but whose cranium

had good acoustic reflection, clearly reflecting the
intracranial structures, a bone drill was used, under
ultrasound guidance, to drill a hole on the parietal bone
with a diameter of 0.3—0.5 cm until the cerebral dura
mater was reached. This opening was used as the
puncture point. For those patients who had a closed
anterior fontanel and whose cranium had poor acoustic
reflection, a hole with a diameter of 0.5 cm was drilled
into the parietal bone 1.5-2.0 cm from the midline for
use as the observation window for ultrasound guidance.
The puncture position was then measured through the
guidance window. For those patients with brain trauma,
the position of the skull defect was used as the
acoustic window and/or puncture point. For
convenience, the observation point was located at the
parietal bone on the left of the midline of the cranium,
and the puncture point was located at the parietal bone
on the right of the cranial midline. The instrument used
was an AcusonSequia 512 (Siemens, Acuson,
Germany) with a 4V1 probe and frequency of 2.0-4.0
MHz. The patients’ pulse and respiration were
monitored during the surgery. Patients were fasted for
2—4 hours prior to surgery to avoid aspiration of gastric
contents during anesthesia.

Neural stem cell transplantation in the lateral
ventricle under the guidance of ultrasonography
The patient was in the supine position, and the
transplantation was performed under ketamine
anesthesia. In the sterilized region, a 22G puncture
needle (Hakko, Nagano-Ken, Japan) was fixed on the
needle holder of the ultrasound probe and the leading
line was turned on. The reflected image of the brain
structure was observed again, and the width of the
anterior horn of the right lateral ventricle was measured.
The puncture pathway was determined using Color
Doppler Flow Imaging to view the presence of blood
flow. If blood flow was detected, the angle and direction
of the probe were adjusted in order to preserve
encephalic blood vessels. Under the guidance of
ultrasound, the puncture needle tip and part of the
needle body presented a strong echo and was steadily
guided into the ventricle. The stylet was then extracted
to allow visualization of cerebrospinal fluid flow, of
which 0.5-2.0 mL was reserved for laboratory
examination. Then, after gentle shaking, the neural
stem cell suspension was slowly infused into the
ventricle. Two-dimensional imaging showed the gas
integrated in the suspension appearing as a high echo
and Color Doppler Flow revealed that the colorful
Doppler signals appeared as patchy glittering around
the needle tip (Figure 2).
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Figure 2 Transplanting neural stem cells into the lateral
ventricle was guided by ultrasonography in a child with
cerebral palsy.

(A) Right lateral (RL) ventricle with width of 3 mm at
frontal horn (arrow) was located between the two guide
lines. (B) The puncture needle tip (arrow), in motion, was
located beside the raphe vessels. (C) The puncture
needle tip (arrow) came into the lateral ventricle. Red
depicts blood flow in the vein and the multicolored region
indicates blood flow in the small artery of the raphe (B,
C). (D) The artifact (in the blue) was generated from
gases in the suspension when neural stem cells were
injected (arrow).

Afterwards, 0.3—0.5 mL saline solution was used to wash
the residual suspension in the needle. Dexamethasone
(5%; 0.2 mL) was added to the saline if intraventricular
hemorrhage appeared. After the puncture stylet was
replaced, the puncture needle was extracted and the
operation region was partially disinfected and bandaged.
During and after surgery, the patients received
continuous oxygen and electrocardioscope monitoring.
After surgery, the patients received intravenous injection
of cerebrolysin (except those who had ever had a
convulsion), vitamin B,, ganglioside and cyclosporine A.

Indexes in evaluating the effectiveness of the
transplantation
In the evaluation of curative effects of the transplantation,
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we depended mainly on the patients’ clinical appearance
and then on electroencephalograms (Sd32, Micromed,
Ital) and images™ ?*. The clinical observations included
whether: the muscular tension of the limbs decreased,
the hands were opened, and whether the patient showed
or regained grasping action. Control of head movement,
straight kneeling, turning over, lumbar muscle strength,
posture-controlling, balance during walking, visual acuity
and object-tracking, attention and communicative
competence, epileptic seizures, sleep, and irritation were
also monitored for changes post-surgery.
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